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!LERO-LII’TDRAGOF A SERIESOF BOMBSE4.PESAT MACH

NUNIUIWFRQ40.60TO1.10

By WilliamE. Stoney,Jr.,andJohnF. Royall

SUMMARY

Zero-liftdragdatawereobtainedon a seriesof sixbombshapes.
Fiveconfigurationshadthe ssmebodyshape,theonlydifferencebeing
in thebody-surfaceconditionsandtheprofileandplanformof thefin~,
whilethe sixthconfigurationhada differentandlongerbodyshape.
Themodelswerelaunchedfroma helimngun (attheLangleyPilotless
AircraftResearchStationatWallopsIsland,Vs.),anddatawereobtained

.—-.. ● forMachnumbersfrom0.60to 1.10
basedon bodylengthof 5 x 106to

●

It waBfoundthatat subsonic
thefinscontributeda largeshare
bluntleadingedgewasnegligible.

withcorrespondingReynoldsnumbers
10 x 106.

speedstheblunttrailingedgeof
of thedragwhiletheeffectof the
Twomodelswhoseroughnessdidnot

exceed20 rmsmicroinches
thantheremainingmodels
microinches.

hadmeasurablylowersubsonicdragcoefficients
whoseroughnessvariedbetween100and250rms

INTRODUCTION

TheLangleyPilotlessAircrtitResearchDivisionhas conductedzero-
liftdragtestson a seriesof bombmodels. The objectof thetestswas
to determinethe subsonicdraglevelof a proposedconfiguration.When
thisoriginalconfigurationprovedto havetoohigha subsonicdrag,
attentionwasturnedto determiningthemeansandtheefficacyof the
meansto be usedto reducethe subsonicdraglevel. Thetestprogram
is reportedherein. Themodelswerelaunchedfroma helimngunat the
LangleyPilotlessAixcraftResearchStationatWallopsIsland,Va.
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SYM901S

bkchnumber

cDf

L

D

rms

R

dynamicpreesure

totaldragcoefficient, Totaldragforce

q X M3ximumfrontalarea

basedragcoefficient

frictiondragcoefficient

length

maximumdiameter

rootmeansquare s-..
Reynoldsnumber,basedonmcdellengthor finmeanchord

*

MODELSAND TESTS

Thetestconfigurationdimensionsare_shownin figure1,photographs
appearin figure2, andthedrawingordinatesaregivenin tablesI(a)
and I(b). All of themodelsweremeasuredandfoundtobe within
+0.016inchof thedesireddimensions.me mximum diameter,2.598inches,
andthetotalbodylength,14.64inches,werethesameforeachof the
firstfi,veconfigurations,whilethesixth..configurationhada maximum
diameterof 5.00inches, and20.50incheswas thetotalbdy length.

Themdels havebeendividedintosixconfigurations(ato f).
!DWOessentiallyidenticalmodelsof config~ationsa and&were flown
andthesearenotedsimplyas models1 and2 forbothconfigurations.

A descriptionof eachconfigurationis shownin tableII,together
withthesurfacemeasurements.Thesemeasurementsweremadewitha small
portableprofilometer(trade-msrkedTypeQ, PhysicistsResearchCo.).

.

.
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. Themdels werefiredfroma heliumgunat WallopsIslandjVa.
(Theheliumgunmakesuse of therapidreleaseof compressedheliumto --
propelthemodelsintofreeairat a Machnumberof about1.1.) Velocity

. datawereobtainedas themalelsdeceleratedby theuseof a CW Doppler
velocimeterwhichwas locatedon thegroundnextto theheliumgun.
Totaldragcoefficientsweredeterminedfromthemeasuredvelocity
togetherwiththevariationof density,temperature,md tindvelocitY
withaltitudeobtainedby a radiosondesurveymadeaboutthetimeof
firing.Thesemeasurementsareestimatedfromexperiencewithprevious
modelstobe accuratewithinK3.01in CD andM.01 in M.

Datawereobtainedovera rangeof Machnumbersfrom0.60to 1.10
andforReynoldsnumbersbasedonbodylengthfrom5 X 10‘Oo lox 106.

RESIIGTSAJ!iDDISCUSSION

Thedragcoefficientsforthetestmcdelsarepresentedas functions
of Machnumberin figure3,withthecoefficientsbasedon maximumbcdy

,—
8.-.

frontalarea(f12/4).Theresultsare of interestprimarilyat theMach
numbersbelow0.90. Thevariousconfigurationsarecomparedto showthe

a effectsof thefollowingtestvariables:leading-andtrailing-edge
bluntness,finthickness,andbcdy-surfaceroughness.Thoughthemodels
wererollingat an unlmownrate(note2° incidenceof twofinsof con-
figurationsa to d andunsymmetricalfinprofileof configurationse
andf),no attempthasbeenmadeto evaluatetheinfluenceof therolling
rateon thedrag. It seemsreasombleto ass-, however)thatau the
mcdelsof seriesa to d and seriese andf rolledat approximatelyequal
rates,but thetwogroupsmayhavehad somewhatdifferentratesof roll.

Effectof BluntTkailingEdge

Thesubsonicdraglevelsofbothconfigurationa models(whichhad
blunt-trailing-edgefins)wereconsiderablyhigherthanthoseof the
remainingmodels,all ofwhich,withtheexceptionof configurationej
hadfinswithsharptrailingedges(fig.3(a)). Thetrailingedgeof the
configuratione was thinenough(approximately1/4of thatof config-
urationa) so thatit maybe takenas sharpforthepurposesof this
report. me dragdifferencebetweenthea modelsandtheremainingmcdels
maybe attributeddirectlyto thebasepressureon thebluntfins. If the
basepressuresof reference1 andtheratioof themodelfinbaseareato
bodyfrontalareaareused,theresultingc% is approximately0.06,

. whichis aboutthedifferenceshownin figure3(a)betweenmodel2 of
configurationa and configurationc. Thedifferencebetweenmdels 1
and2 of configurationa maybe duepartlyto differencesin finbasearea

—— —
.

(dueto constructioninaccuracies)andpartlyto testinaccuracy.
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EffectofBluntLeadingEdge

Comparisonsof thedata(fig.3) of co_tiigurationsb (sharpleading
edge)andc (bluntleadingedge)indicatethatthedragincreasecaused
by thebluntleadingedgewas small.

Effectof FinThickness

Althoughthefinsof configuratione areof differentplanform
thanthoseof theothershortmodels,it seemsreasonableto assumethat
themajorcauseof thehigherdrag-riseMachnumberof thismdel is the
thinnessof itsfins,thatis,0.046inchcomparedwith0.I-6inch. Since
thedragincreasesshownby allthecotiigurationsareapproximately
equal,it is probablynotthe increaseddragriseof thethickerfins
themselvesthatcausestheearlydragriseof thethick-finnedmcdelsbut
ratherthegreaterinterferenceof thefinswiththebcdywhich,in turn,
causestheearlydragriseof thebodyitself.

.

.

Effectof BodySurface

All of themcdelspresentedin figure3(a)exceptconfigurationd
werein theoriginal“ascast”condition.Configurationd was sandedto
approximately30 to 40 rmsmicroinchesoverthenoseandoverscattered
sectionsof theremainingpartsof themcdel. A comparisonof thedata
for configurationsb andd indicatesthatas faras dragis concernedthe
lmdysurfacesareequallyrough. Thateventhesmoothestmcdel(configura-
tiond)was farfromaer~amically smoothis indicatedby thecomparison
of thedatawiththetwocalculatedfriction-dragpointsat M= ()*7
and M= 0.9. ThesepointswerecalculatedPy themethd of VanDriest
(ref.2),withtheassumptionof turbulentflowovertheentirelengths
ofbothbcdyandfins. Sinceat subsonicspeedsthereIs no pressure
dragotherthanthatcausedby separatedflowregions,mostof thisdif-
ferencebetweentheoreticalandmeasuredsubsonicdragraybe assumed
tobe dueto theeffectof thesurfaceroughnesson thelevelof the
turbulent-friction-dragcoefficient.At leasta qualitativeideaof
thiseffectmaybe gainedfromthechartonpage44 of.reference3 which
showsthedependencyof theturbulentskinfrictionon grainsize.

● ▼❉

b

Thepresenceof thiseffectin thedataof allthe.mcdelsof fig-
ure 3(a)is shownby thebetteragreementof theoreticalandmeasureddrag
in figure3(b). Thetwomodelsof configurationf,whilelonger,were
considerablysmootherall overthanthesmallermcdels. Thisis shownin
tableIIwhichmentionsthatconfigurationf had a maximumroughness
of 20 rmsmicroinches,whilethesmoothestof theshortmodelshad con-
siderableareaswithroughnessof 80 to 160rmsmicroinches.Theeffect
of thissurfaceroughnesson thefrictiondragis shawnby comparison
withthetheoreticalcalculationsof referenee2. At M = 0.7,thefin

.
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. Reynoldsnumberbasedon
thuGa CDf valuebased

.

meanaerodynamicchordis about1 x 106and
on lam.inarflowforthefin is alsopresented.

CONCLUSIONS

Testson a seriesofbombshapesflownat Machnumbersfrom0.60
to 1.10andbodylengthReynoldsnumbersof 5 x 106to 10 x 106indicate
thefollowingeffectsof configurationchangeon zero-liftdrag:

1.At subsonicspeedstheblunttrailingedgecontributeda large
shareof thedrag.

2. Theeffectof a bluntleadingedgewas relativelysmallin com-
parisonwithdragcausedby theblunttrailingedge.

3. Thesubsonicdragshowedno changeattributableto roughnessin
● therangeof roughnessesof 100to 250rmsmicroinches.Twomcdeb whose

maximumroughnessdidnotexceed20 rmsmicroincheshadmeasurablylower
subsonicdraglevels.

.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,I@rch30,1956.
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TABLEI.-DRAWINGORDXNATESOF CONFIGURATIONS

(a)Configurationsa, b,
c, d, ande

Station,in.

o
.12
.28
.44
.70
● 935

1.170
1.400
1.640
2.44o
2.840
~.240
3.640
4.040
6.203
6.90
7.60
8.31_
9.02

10.42
U.. 134
u.839
12.160
12.544
13.249
13.99
14.521
14.640

Radius,in.

o
.315
.476
.5Q5
.787
.833
.914
.981

1.046
1.190
1.23>
1.271
1.287
1.299
1.299
L 289
I. 259
1.210
1.142
.947
.836
.706
.642
.563
.417
.271
.153

0

(b)Configurationf

Station,in. Radius,in.

o 0.529
.100 .608
.165 .656
.300 .736
.600 .886
.665 - .916
1.100 1.071
1.165 1.093
1.6c0 1.208
1.665 - 1.225
2.ao 1.300
2.165 1.325
2.520 I.378
2.665 = 1.393
2.980 1.432
3.165 1.433
3.440 1.470
3.665 1.486
4.165 1.498
4.240 1.499
4.365 1.500
10.762 1*WO
u. 576 1.488
12.388 _ 1.4%
13.201 1.397
14.015 ‘ 1.319
14.829 1.200
15.642 1.095
16.4~ .966
17.638 .742
18.895 .481
19.709 ; .313
20.363 .176
20.500 - 0

.

.
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TABLEII.- COItFIGURATIONDETAILS

FinleadingMm trailing Bcdy- Body-surface
Oonfiguration edge edge surface measurements,

conditionrmsmicroinches

a (mdels 1 Blunt Blut Rou@ Nose- 80 to 130
and2) B@ - 140 tO 250

Fins- 40 to 60

b sharp Sharp Rough Sameas
configurationa

c Blunt sharp Rough Sameas
configurationa

d Sharp sharp Smooth Nose- 30 to 40
Bcdy- 40 to 50
(smoothsections)

80 to 160
(roughsections)
Fins- 30 to35

e Blunt Blunt Rough Sameas
configurationa

f (models1 Blunt Blunt Snooth Bcdyandfins-
and2) 16 tO 20

.

.
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Figure 1.- Test
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(c)Dimensionsof

Figurel.-

configurationf. —.

Concluded.
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(a) Cmfiguratimsa, b, C, andd.
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(b) Configuratione.
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(c)Configurationf.

Figure 2.-Photographsofmodels.
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(a) Configurations a, b, c, d, and e.

Figure 3.- Drag coefficierrtsas a function of Mach number for teat
configurateions.
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